Two tapeworm specimens collected in northeast China in 2009 and 2011 were identified as Diphyllobothrium latum based on morphological criteria. Molecular methods were used to confirm their identity and analyze genetic variations compared with published data for this species. Species identity was confirmed by molecular characterization of the 18S rDNA partial sequence, complete sequences of internal transcribed spacers (ITSs) and 5.8S rDNA, and partial sequences of mitochondrial cytochrome c oxidase subunit 1 (cox1) and mitochondrial NADH dehydrogenase subunit 5 (nad5). PCR amplification and sequence analysis of 18S rDNA (1472 bp), ITS regions (1218 bp), cox1 (885 bp), and nad5 (1028 bp) revealed that these four sequences showed more than 99% identity to reference sequences for D. latum, confirming that this species is D. latum. To date, a total of 12 diphyllobothriosis cases have been documented in China. This study represents the first molecular characterization of D. latum in China, providing molecular evidence of human diphyllobothriosis in China.
Introduction
Diphyllobothrium latum is an intestinal tapeworm of mammals that causes diphyllobothriosis. This infection generally occurs in areas where humans consume raw or undercooked fish from nearby lakes and rivers, such as Europe (DupouyCamet and Peduzzi 2004, Waloch 2005) and North America (Dick et al. 2001 (Dick et al. , 2008 . In South America, this infection is commonly found in Peru and Chile (Baer et al. 1967; Osorio et al. 1974) , but sporadic cases have also been reported in Argentina and Brazil (Semenas et al. 2001, Santos and De Faro, 2005) . In Asia, cases have been reported in Japan, Korea, Siberia, and Malaysia (Dick et al. 2001 (Dick et al. , 2008 Rohela et al. 2002 Rohela et al. , 2006 Lee et al. 2007) , and four cases have been documented in Taiwan (Chou et al. 2006) . In mainland China, a total of 12 cases of diphyllobothriosis were documented between 1927 and 2009; the pathogens were identified as D. latum based on morphological criteria. However, molecularly confirmed D. latum from humans or fish has not yet been reported in China.
Molecular methods such as PCR are widely used to identify pathogens because of their specificity, sensitivity, accuracy, simplicity, and convenience. They are reliable and valuable tools for the characterization of clinical samples of Diphyllobothrium species (Scholz et al. 2009 ).
The present study evaluated two reported cases of human diphyllobothriosis. In these cases, Diphyllobothrium was first identified by morphology and then confirmed by sequence analysis of 18S rDNA, internal transcribed spacers (ITSs), and mitochondrial genes cytochrome c oxidase subunit 1 (cox1) and NADH hydrogenase subunit 5 (nad5). These sequences were compared with publicly available sequences of D. latum from other countries. Finally, human diphyllobothriosis in China was briefly reviewed.
Materials and methods
In 2009 and 2011, tapeworms were collected from fecal specimens of two patients from Heilongjiang province (designated *Corresponding authors: guoaijiang888@yahoo.com.cn or jwanzhong@yahoo.com.cn as Dl-HLJ) and Jilin province (Dl-JL) of the northeast China. The patients complained of gastrointestinal discomfort including abdominal pain for several days, and their clinical histories revealed that they had eaten raw salmon. Conventional morphological methods were used to identify the two tapeworm specimens.
Molecular techniques were performed to confirm the identity of the specimens. In brief, DNA was extracted with a QIAamp DNA Mini Kit using the tissue protocol (Qiagen, Germany) according to the manufacturer's instructions. Four primer pairs were designed using GenBank sequences: partial 18S rDNA (DQ925309, positions 11-1482), forward F1 (TCCTGCCAGTAGTCATATGCTTG) and reverse R1 (GC-CATGCACCACCAACCAC); complete ITS (AB302387, positions 475-1692), forward F2 (GTCGTAACAAGGTTTCC GTAGGTG) and reverse R2 (TATGCTTAAGTTCAGCGGG TAATC); partial cox1 (DQ985706, positions 6780-7664), forward F3 (ATTTGATGAATACAGAATGACTAATCTTAA AG, the start codon is underlined) and reverse R3 (TGCCC CACACAACTCTACCTA); and partial nad5 (DQ985706, positions 11,844-12,871), forward F4 (ATGCTTTTTATGTCA GTTTGTTTAATTAGA, the start codon is underlined) and reverse R4 (TACTCCTATAAATGGTGCACCCG) (Brabec et al. 2006 . PCR amplification was carried out in a 50-μl reaction volume with 5 μl template DNA and Ex Taq DNA polymerase (TaKaRa, China) using the standard protocol. PCR products were purified with QIAquick PCR Purification Kit (Qiagen, Germany) according to the manufacturer's instructions. The purified DNA was ligated into pGEM-T Easy (Promega) and then transformed into competent Escherichia coli (JM109) cells. Positive clones were selected using PCR and restriction analysis and then sequenced in both directions using BIGDYE fluorescent dye (Applied Biosystems, USA) and an ABI 3730 DNA Sequencer (Applied Biosystems, USA) at Shanghai Sangon (China).
Homologous sequences were found using the BLAST program (http://www.ncbi.nlm.nih.gov/BLAST). Alignment between nucleotide sequences obtained in this study and homologous 18S rDNA, ITS, cox1, and nad5 sequences of D. latum was performed with the ClustalX multiple alignment program. Pairwise distances between sequences were calculated using MEGA 5.0 (Tamura et al. 2011) .
Results
The two incomplete strobilae lacking the scolex and neck were 105 cm (Dl-HLJ) and 90 cm (Dl-JL) in length, and the width of the proglottids was greater than their length. As in all pseudophyllid cestodes, the genital pores were situated on the mid-ventral surface. Eggs possessed an operculum with a small knob at the other end. On the basis of these morphological characteristics, the two specimens were preliminarily identified as D. latum tapeworms.
Identity of the specimens was confirmed by analysis of the 18S rDNA, ITS, cox1, and nad5 nucleotide sequences. PCR amplification of the partial 18S rDNA sequence (1472 bp), complete ITS regions (1218 bp), partial cox1 sequence (885 bp), and partial nad5 sequence (1208 bp) revealed that nucleotide sequences of two tapeworm specimens were almost identical to each other and to reference sequences for D. latum. However, nucleotides 829 and 861 of the 18S rDNA sequence were C and A for specimen Dl-HLJ and T and G for specimen Dl-JL, whereas the reference sequence for D. latum (accession number DQ925309, nucleotides 11-1482) (Brabec et al. 2006) had bases T and A at these positions. Furthermore, the 18S rDNA sequences of specimen Dl-JL and a different D. latum isolate (DQ316793-DQ316796) were nearly identical to that of D. nihonkaiense (AM408316, AB374225, and AB512013), D. klebanovskii (AB374226 and AB374227), Ligula colymbi (DQ925312), and Digramma interrupta (DQ925308) obtained 
Dl-HLJ/Dl-JL
Dl-DQ316793 consists of four different clones of the same 18S rDNA sequence.
Identification and review of diphyllobothriosis in China 295 from aquatic animals ( Table I ). All sequence differences were due to transition mutations, with no gaps in alignment. The cox1 sequences of specimens Dl-HLJ and Dl-JL were identical, and sequences of ITS and nad5 regions were nearly identical, with only one or two nucleotide differences. For that reason, we used only sequences from specimen Dl-JL for further analysis. The sequences of cox1, ITS, and nad5 from Dl-JL showed more than 99% identity to the homologous sequences of D. latum. Regarding the ITS regions, three nucleotide differences were found: Dl-JL had T at nucleotides 531, 948, and 1181, whereas the reference sequences of D. latum (including AB302387 and DQ768167-DQ768176, which are isolates from different countries) had a C. However, the ITS regions of specimen Dl-JL showed approximately 97.9% identity (1182/1207) with D. ditremum (DQ768180), 97.3% identity (1204/1238) with D. dendriticum (FM204787), and 97.1% identity (1195/1231) with D. nihonkaiense (AB302388), with gaps of 12/1207, 20/1238, and 14/1231, respectively (1%). Sequence differences between D. latum and other Diphyllobothrium species consisted primarily of single nucleotide mutations (most were transitions) and dinucleotide to tetranucleotide deletions or insertions affecting variable number tandem repeats (not shown in detail).
The Dl-JL cox1 sequence had several nucleotide differences compared with references D. latum sequences (DQ98 5706, AB511963, AB510496, AB504899, FM209180, FM2 09181, AM712906, and AM778554). These differences appeared in the third position of codons and involved single base transversion (nucleotide 837 and 843 of the open reading frame: A>T; tcA>tcT, gtA>gtT). The Dl-JL cox1 sequence showed a base transition (position 90: G>A, ggG>ggA) compared with reference AB269325, and showed 6.7% to 8.1% evolutionary distance with the cox1 sequences of D. nihonkaiense (EF420138, AB268585, AM412559, AM412560, AB364645, AB015755, and AB508838), D. ditremum (FM20 9182), and D. dendriticum (AM412738) using the Poisson model.
Finally, Dl-JL had two nucleotide differences in positions 990 (G instead of A) and 1008 (C instead of T) of the open reading frame compared with the reference sequence AB26 9325; these were both synonymous mutations (gcG/gcA and ttC/ttA). However, approximately 12% of the divergence in the partial nad5 sequence existed between D. latum (AB 269325 and Dl-JL) and D. nihonkaiense (EF420138 and AB268585), which was significantly greater than the divergence in the partial cox1 sequence (6.7%).
Since the first D. latum case was reported in China in 1927 (Lin and Wu 1927) , the total number of documented cases has reached 14, including the two present cases. Eight of these cases were autochthonous (Table II) , and four were imported. Two of the 12 patients were citizens of Russia, one was from the United States (Chen 1965) , and the other was Chinese but had been in Japan (Chen et al. 2005) .
Discussion
The taxonomy of the genus Diphyllobothrium is dependent on phenetic classification, but morphological characteristics that are not typical can cause misidentification, particularly in larvae and immature adults. Furthermore, the entire tapeworm or larvae cannot always be obtained. As a result, most inexperienced parasitologists have difficulty identifying Diphyllobothrium species, indicating the need for molecular characterization of Diphyllobothrium parasites.
The 18S rDNA sequences of Diphyllobothrium tapeworms show greater than 99% identity with related species such as Ligula colymbi and Digramma interrupta. Therefore, analysis of this region is not sufficient to discriminate among species. Although the complete ITS sequences of Diphyllobothrium species are similar, their gaps can be used to identify species. Mitochondrial genes of Diphyllobothrium species are also useful for identification (Nakao et al. 2007 ). In our study, more than 6% exists between cox1 sequences of D. latum and other species, and more than 10% divergence exists between nad5 nucleotide sequences, indicating that they are suitable molecular targets for the characterization of D. latum. Other mitochondrial genes may also be useful to classify species that infect humans (Yera et al. 2008 , Scholz et al. 2009 , Wicht et al. 2010 .
This study provides strong molecular evidence that our isolates are D. latum, indicating that D. latum is distributed in China. We also analyzed six cases according to patient age and sex, symptoms, and type of fish consumed. Two of the six patients were female and the other four were male, ranging in age from 8 to 46 years old, suggesting that all age groups and both sexes are equally susceptible to infection. Although, not all data related to symptoms and eating habits were available, Lin and Wu (1927) 2. Faust and Russell (1964) 3. Chou et al. (2006) 4. Lou et al. (2007) 5. Fan et al. (1995) 6. Zhang et al. (1996) 7. Present study (2009) all patients reported consumption of raw fish and experienced abdominal pain, stomach cramps, and weakness.
Most of the human cases of diphyllobothriosis occurred in Russia and Japan. Salmon is probably the most common host that transmits diphyllobothriosis, although broad fish tapeworms are also transmitted by whitefish, trout, pike, and other species. In China, diphyllobothriosis occurs in the northeast (Heilongjiang Province and Jilin Province), where humans commonly consume raw or undercooked fish from the Heilongjiang River system. Although Taiwan is situated in a subtropical region, increased consumption of raw and undercooked fish (especially salmon) may increase the prevalence of D. latum infection there. The reason for the low number of human cases of diphyllobothriosis in China is unclear and requires further investigation.
